Multidrug transporters and antibiotic resistance in Lactococcus lactis.
The Gram-positive bacterium Lactococcus lactis produces two distinct multidrug transporters, designated LmrA and LmrP, that both confer resistance to a wide variety of cationic lipophilic cytotoxic compounds as well as to many clinically relevant antibiotics. While LmrP is a proton/drug antiporter that belongs to the major facilitator superfamily of secondary transporters, LmrA is an ATP-dependent primary transporter that belongs to the ATP-binding cassette superfamily of transport proteins. Both LmrA and LmrP function as "hydrophobic vacuum cleaners" by excreting lipophilic cationic compounds from the inner leaflet of the membrane directly into the external water phase. LmrA is both functionally and structurally homologous to the human multidrug transporter P-glycoprotein. LmrA is a half ABC transporter that is functional as a homodimer, consistent with the general four-domain organization of ABC transporters, and is proposed to mediate drug transport by an alternating two-site transport mechanism.